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(57)Abstract: fi > 
PURPOSE: To obtain a plasma treatment method in which a dry etching operation is 
performed to a wafer with excellent plane uniformity and with excellent 
reproducibility while the influence of radiant heat from a high-temperature wall at a 
plasma apparatus is prevented. 

CONSTITUTION: The temperature distribution of the surface of a stage 9 which 
holds a wafer W is made unequal so as to be capable of offsetting the lack of 
uniformity of radiant heat. In order to achieve this, two systems of refrigerant flow 
passages 1 1, 14 are formed in a concentric circle shape inside the stage 9, a 
refrigerant at a relatively low temperature is supplied to the refrigerant flow passage 
1 1 outside so as to be circulated, and a refrigerant at a relatively high temperature is 
supplied to the refrigerant flow passage 14 inside so as to be circulated. Since the 
peripheral edge part of the stage 9 is cooled much more in this manner, the 
temperature rise at the peripheral edge part of the wafer W due to radiant heat from 
the inner wall surface of a plasma chamber 3 is offset. That is to say, the surface 
temperature distribution of the wafer W is made uniform, and a uniform dry etching 
operation is realized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing jj It is drawing showing the example of 1 configuration of the parallel plate mold RIE system which applied this 
invention, and (a) drawing is an outline sectional view and (b) drawing is X-X-ray sectional view of the stage part. 
[Drawing 2] It is the graph which shows the temperature distribution in the stage of this invention, and the front face of a 
wafer. 

[Drawing 31 It is drawing showing the stage of other parallel plate mold RIE systems which applied this invention, and the 
example of a configuration of a temperature control gas supply system, and (a) drawing is an outline sectional view and (b) 
drawing is a plan. 

[Drawing 41 It is the outline sectional view showing the example of a configuration of the conventional parallel plate mold 
RIE system. 

[Drawing 51 It is the graph which shows the temperature distribution in the conventional stage and the front face of a wafer. 

[Description of Notations] 

1 Up Electrode 

3 Plasma Chamber 

6 Etching Gas Supply Line 

9 Stage 

11, 14, 23 Refrigerant passage 

1 6, 25, 26 Temperature control gas supply line 

17 30 Electrostatic chuck 

27 28 Pressure gage 

29 Temperature Control Gas Cylinder 

3 1 Central Field of Electrostatic Chuck 30 

32 Periphery Field of Electrostatic Chuck 30 
31a, 32a Orifice 

P Plasma 
W Wafer 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the plasma equipment used for the plasma treatment approach and this which 
are applied to the micro-processing fields, such as a semi-conductor manufacture process, and aims at homogeneous 
improvement in the dry etching especially on a substrate. 
[0002] 

[Description of the Prior Art] While high integration of VLSI, ULSI, and a semiconductor device advances and 
detailed-ization of a design rule progresses, the technical demand to the dry etching which is one of the main techniques of the 
micro processing is also developed increasingly. This technical demand is achievement of the high selectivity over an etching 
mask or a furring layer, a good configuration controllability, a practical etch rate, low damage nature, low stain resistance, 
good homogeneity, and good repeatability. Especially, also in the above-mentioned configuration controllability, achievement 
of an anisotropy configuration was required of formation of a detailed circuit pattern, and RIE (reactive ion etching) came the 
leading role for it sure enough in the achievement. However, in RIE, since the anisotropy is secured from etching gas 
according to the so-called ion assistant device which promotes the chemical reaction of the active species and the etching 
substance which carried out dissociation generation with the collision energy of ion in the plasma, achievement of an 
anisotropy configuration and achievement of high selectivity are theoretically difficult to be compatible. 
[0003] Then, by blocking the oblique-incidence component of the active species to this pattern using the deposit deposited on 
the side-attachment- wall side of the target pattern, ion incidence energy required for anisotropy processing is reduced, and the 
technique of attaining high selectivity by this is proposed. The film of the deposit which this technique is called 
side-attachment-wall protection, and is contributed to protection is called the side-attachment-wall protective coat. Generally 
as a deposit which forms a side-attachment-wall protective coat, the comparatively low thing of vapor pressure is used among 
the polymer which the chemical species which carry out a byproduction by dissociation of etching gas generate in a gaseous 
phase by causing a plasma polymerization, the carbon system polymer generated when the spatter product of a resist mask 
causes a polymerization, or an etching resultant. 

[0004] However, this deposit is also the factor which degrades the repeatability and homogeneity of dry etching in one side. 
In manufacture of a semiconductor device in recent years, since the occupancy area per one chip is expanded by progress of 
high integration, in order to secure productivity, the diameter of 8 inches or the diameter substrate of macrostomia beyond it is 
used. In order to control quality dispersion of the chip cut down from this diameter substrate of macrostomia here and to 
secure the yield, it is very important to carry out control of a deposit to homogeneity over the whole inside of a substrate side. 
Although a plasma parameter naturally also needs to be controlled for homogeneous achievement, since an etching reaction 
and deposition of a deposit are the phenomena on the front face of a substrate, they serve as a parameter with important 
homogeneity control of substrate temperature. 

[0005] Moreover, as a format of the need of performing uniform dry etching over the whole surface of this diameter substrate 
of macrostomia to processing, recent years 1 sheet processing is in use. Under such a situation, reservation of the homogeneity 
between substrates, i.e., repeatability, also becomes important compared with the former. In order to secure repeatability, 
accumulation of the deposit into the plasma chamber of a dry etching system must be controlled. It is because plasma 
conditions are also changed in response to the effect of this deposit, so process tolerance differs for every substrate if a 
deposit accumulates in a chamber whenever it processes a substrate. 

[0006] Therefore, a means to control adhesion of a deposit in a plasma chamber wall in commercial equipment being 
provided, for example, heating a chamber wall in 50-200 degrees C about at a built-in heater is performed. 
[0007] Here, the outline configuration of the conventional parallel plate mold RIE system is shown to drawing 4 . This 
equipment in the plasma chamber 43 which receives supply of predetermined etching gas from arrow-head B through the 
etching gas supply line 46 while high vacuum exhaust air is carried out in the direction of arrow-head A through an exhaust 
hole 47 It is equipment which the stage 49 which is a lower electrode for laying Wafer W is allotted, impresses RF electric 
field between the up electrode 41 which serves as the top cover of this plasma chamber 43, and this stage 49 that counters 
this, and is made to generate Plasma P. The above-mentioned RF electric field are impressed according to the RF power 
source 56 connected to the leg of a stage 49 through a blocking capacitor 55. It insulates by the insulating members 45 and 48 
which intervene respectively between the plasma chamber 43 and the up electrode 41 and between the plasma chamber 43 and 
the stage 49. Moreover, heaters 42 and 44 are respectively formed in the up electrode 41 and outer wall side of the plasma 
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chamber 43, and it is made as [ prevent / adhesion of the deposit generated within the plasma chamber 43 ]. 
[0008] The above-mentioned stage 49 has the refrigerant passage 51 in that interior so that it may correspond to 
low-temperature etching, it leads **** 50 to this refrigerant passage 5 1, and is an arrow head Ml. **** 52 is led in the 
refrigerant supplied to the direction, and it is an arrow head M2. It collects in a direction and is made as [ make / it / circulate 
through the chiller which does not have this refrigerant illustrated further ]. Moreover, the electrostatic chuck 54 is allotted to 
the wafer installation side of a stage 49, and it has become the design which raises the cooling effectiveness by the 
above-mentioned refrigerant by carrying out adhesion maintenance of the wafer W on this stage 49. 
[0009] Moreover, the minute space between Wafer W and a stage 49 (in drawing 4 , drawn very greatly on account of 
explanation.) is filled up with temperature control gas, and it is made as [ raise / further / cooling effectiveness ]. It is supplied 
in the direction of arrow-head N from the temperature control gas supply line 53, and is emitted from the pore which carries 
out opening to the core of the electrostatic chuck 54, and this temperature control gas is exhausted from an exhaust hole 47, 
after flowing the slot minced by this electrostatic chuck 54 front face from here in the direction of arrow-head O towards the 
W round edge of wafers along the slot of the shape of a concentric circle, and a radial. Or opening of many minute orifices is 
carried out over the whole surface of the wafer installation side of the electrostatic chuck 54, and the commercial equipment 
of the type with which temperature control gas is emitted from here is also known. 
[0010] 

[Problem(s) to be Solved by the Invention] By the way, even if especially the temperature of the wafer W under dry etching is 
not the case where low-temperature etching is assumed, it is more common than the heat-resistant temperature of the 
photoresist used abundantly as an etching mask in consideration of the temperature up of the substrate by chemical reaction 
heat or plasma radiant heat to be set up low substantially. 

[001 1] However, when the temperature of Wafer W is controlled as mentioned above, the wafer W under etching is the 
radiant heat RP from the plasma. Radiant heat RC from the plasma chamber wall heated by the elevated temperature from 
Wafer W while winning popularity Popularity is won. Here, it is the radiant heat RP from Plasma P. Effect is the radiant heat 
RC from a plasma chamber wall, although to attain to homogeneity is considered by the whole surface if this plasma P meets 
Wafer W and is irradiating this at all extensively. Effect changes on Wafer W according to the distance from this chamber 
wall. Namely, radiant heat RC from the internal surface of the plasma chamber 43 It has bigger effect to the direction of the 
periphery section than the core of Wafer W. 

[0012] And in recent years, the semiconductor fabrication machines and equipment of the multi chamber mold which enables 
a series of processings are used abundantly by connecting some processing chambers which take charge of a process different, 
respectively in a vacuum conveyance system according to complication of a semi-conductor manufacture process, without 
carrying out atmospheric-air disconnection of the substrate on the way. Although it is in the inclination for each processing 
chamber to be miniaturized, with the equipment of this format in order to prevent enlargement of the body of equipment, the 
distance of the internal surface of a plasma chamber and a substrate approaches increasingly by this, and it is not avoided that 
the effect of the radiant heat from the above plasma chamber walls aggravates. 

[0013] As conventionally shown in drawing 5 from this reason, even if it equalized stage temperature, the skin temperature of 
Wafer W is high towards the periphery section from a core, and had become the cause by which this increased the etch rate in 
the periphery section. Then, installation of diameter[ of macrostomia ]-izing of a substrate and low-temperature etching, 
miniaturization of a chamber, etc. cancel the heterogeneity of skin temperature distribution of the substrate resulting from 
various factors which ununiformity-ize the temperature distribution on the front face of a substrate, and this invention aims at 
offering the method of carrying out plasma treatment, such as dry etching, to homogeneity over the whole surface of a 
substrate, and the plasma equipment for it. 
[0014] 

[Means for Solving the Problem] This invention is proposed in order to attain the above-mentioned object. First, the plasma 
treatment approach of this invention is an approach of performing predetermined plasma treatment under existence of the 
uneven radiant heat in a plasma chamber to the substrate held in this plasma chamber, and equalizes skin temperature 
distribution of this substrate by ununiformity-izing the temperature distribution within a field of the stage holding said 
substrate so that the heterogeneity of said radiant heat may be offset. 

[0015] Here, the uneven temperature distribution within a field of said stage can be given by supplying the refrigerant and/or 
hot refrigerant with which control temperature differs through two or more lines in this stage. 

[0016] Or the uneven temperature distribution within a field of said stage can also be given by supplying the temperature 
control gas by which control pressure differs through two or more lines to the minute space between the front face of this 
stage, and the rear face of said substrate. In this case, it may be single although the supply system of a refrigerant and/or a hot 
refrigerant may be plurality. Since it is the object to change heat transfer effectiveness in the core and the periphery section of 
a stage, the temperature control by such temperature control gas can also use theoretically two or more kinds of temperature 
control gas by which heat capacities differ. However, the direction which prepares two or more supply systems of the 
temperature control gas of a single class, and controls the rate of flow of each system is excellent in a controllability and 
profitability. 

[0017] In addition, the gas which does not affect dry etching fundamentally as the above-mentioned temperature control gas is 
used, and the gas which makes the same a part of etching gas besides rare gas, such as helium and Ar, and presentation [ at 
least ] can be used, moreover - unless it participates in etching - N2 etc. - inert gas can also be chosen suitably and can be 
used. 
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[0018] By the way, the heterogeneity of said radiant heat originates in the internal-surface temperature of said plasma 
chamber being higher than the skin temperature of said substrate in many cases. In such a case, equalization of the skin 
temperature of said substrate can be attained by giving the temperature distribution within a field which lowered the 
temperature of the periphery section rather than the core to said stage. Especially this technique is suitable when performing 
dry etching as said plasma treatment. ' 

[0019] This is attained by lowering rather than the control temperature of the refrigerant which specifically supplies the 
control temperature of the refrigerant supplied to the periphery section of a stage to a core. Or if it raises rather than the 
control pressure of the temperature control gas which supplies the control pressure of the temperature control gas supplied to 
the periphery section of a stage to a core, even when the refrigerant and/or hot refrigerant of uniform temperature are supplied 
over the whole stage surface even if, the heat exchange in the periphery section can be promoted and this part can be 
low-temperature-ized. 

[0020] In addition, equalization of the skin temperature of a substrate is an effective view about other plasma treatment such 
as CVD and surface treatment. When performing especially CVD, the skin temperature of a substrate may be equalized'as a 
result by carrying out temperature up of the insufficient field (namely, core of a substrate) of temperature up to reverse too 
many rather than cooling too many the field where temperature up is expected as mentioned above. For that purpose it can 
raise relatively or the control pressure of the temperature control gas which supplies the control temperature of the refrigerant 
and/or hot refrigerant which are supplied to the core of a stage to a core can be lowered relatively. 
[002 1] On the other hand, the plasma equipment of this invention has a heating means in a wall, and is equipped with the 
plasma chamber for generating the plasma inside, the stage which holds a substrate within said plasma chamber and a 
temperature unumformity-ized means to make the temperature distribution within a field of said stage ununiformity-ize 
[0022] Here, said temperature ununiformity-ized means shall contain two or more heating-medium supply systems for 
supplying the refrigerant and/or hot refrigerant with which control temperature differs in said stage. 
[0023] Or said temperature ununiformity-ized means may contain two or more gas supply systems for supplying the gas by 
which control pressure differs to the minute space between the front face of said stage, and the rear face of said substrate 
[0024] 

[Function] In this invention, since uneven temperature distribution within a field which offset this heterogeneity on the stage 
holding a substrate are given in consideration of distribution of the uneven radiant heat which exists beforehand in a plasma 
chamber the skin temperature of a substrate is equalized over the inside of that field as a result, and the homogeneity within a 
tield of the plasma treatment which advances on a substrate can be raised. Especially when performing dry etching as plasma 
treatment, chemical reaction velocity and the rate of sedimentation of a deposit can be equalized in a field by suppressing the 
temperature up of the substrate periphery section under the effect of the radiant heat from the internal surface of a plasma 
chamber. Therefore, etching accelerating in the substrate periphery section which had become a problem conventionally in the 
plasma chamber of the wall surface heating mold aiming at deposit adhesion is prevented, and it becomes it is uniform and 
possible to perform dry etching with high repeatability 
[0025] 

[Example] Hereafter, the concrete example of this invention is explained. 

[0026] By example 1 this example, the parallel plate mold RIE system which prepared two refrigerant supply systems to one 
stage is explained, referring to drawing 1 . Here, (a) drawing is the outline sectional view, and (b) drawing is X-X-rav 
sectional view of a stage. 

[0027] This equipment impresses RF electric field between the up electrode 1 which serves as the top cover of the plasma 
chamber 3, and the stage 9 arranged as a lower electrode in this plasma chamber 3 so that parallel may be met at this and 
generates Plasma P. While the high vacuum exhaust air of the interior is carried out in the direction of arrow-head A'through 
an exhaust hole 7, the above-mentioned plasma chamber 3 receives supply of predetermined etching gas from arrow-head B 
through the etch.ng gas supply line 6, and is controlled by the predetermined pressure. It insulates by the insulating members 
5 and 8 which intervene respectively between the plasma chamber 3 and the up electrode 1 and between the plasma chamber 3 
and the stage 9. Moreover, heaters 2 and 4 are respectively formed in the up electrode 1 and outer wall side of the plasma 
chamber 3, and it is made as [ prevent / adhesion of the deposit generated within the plasma chamber 3 ] Moreover the 
above-mentioned RF electric field are impressed according to the RF power source 19 connected to the leg of a stage 9 
through a blocking capacitor 18. 6 
[0028] The above-mentioned stage 9 has two refrigerant passage 1 1 and 14 in the interior so that it may correspond to 
low-temperature etching. Such refrigerant passage 1 1 and 14 is allotted in the shape of a concentric circle as shown in the 
sectional view of (b) drawing, and it is made as [ give / in response to supply of the refrigerant with which control temperature 
differs, respectively / a stage 9 / from the chiller which is installed in the exterior of the plasma chamber 3 and which is not 
illustrated / the uneven temperature distribution within a field ]. Here, **** 10 is led and it is an arrow head CI After the low 
hot-cold intermediation supplied to the direction circulates through the refrigerant passage 1 1 **** 52 is led and it is an 
arrow head C2. It is collected in a direction, and **** 13 is led, and it is an arrow head Dl. After the elevated-temperature 
refrigerant supplied to the direction circulates through the refrigerant passage 14, **** 15 is led, and it is an arrow head D2 It 
was made to be collected in a direction. 

[0029] Moreover, the electrostatic chuck 1 7 is allotted to the wafer installation side of a stage 9, and it has become the design 
which raises the cooling effectiveness by the above-mentioned refrigerant by carrying out adhesion maintenance of the wafer 
W on this stage 9. Moreover, the minute space between Wafer W and a stage 9 (in drawing 1 , it has exaggerated on account 
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of explanation.) is filled up with temperature control gas, and it is made as [ raise / further / cooling effectiveness ]. It is 
supplied in the direction of arrow-head E from the temperature control gas supply line 16, and is emitted from the pore which 
carries out opening to the core of the electrostatic chuck 17, and this temperature control gas is exhausted from an exhaust 
hole 7, after flowing the slot minced by this electrostatic chuck 54 front face from here in the direction of arrow-head F 
towards the W round edge of wafers along the slot of the shape of a concentric circle, and a radial. In the above-mentioned 
equipment, the radiant heat by the radiant heat from the plasma P which the whole surface of Wafer W receives in 
homogeneity mostly, and heater heating from the wall surface of the plasma chamber 3 which the periphery section of Wafer 
W receives intensively exists. However, since it is made as [ize / much more / the periphery-section of a stage 9 / by two 
refrigerant-supply-systems / like **** / low-temperature-], in the periphery section of Wafer W, the effect of the radiant heat 
from a wall surface is offset by low-temperature cooling of the periphery section of a stage 9, and the skin temperature of this 
wafer W is equalized over the inside of a field as a result. 

[0030] In example 2 this example, dry etching for carrying out opening of the contact hole to a SiOx interlayer insulation film 
using c-C4 F8 / Ar/CO mixed gas within the parallel plate mold RIE system mentioned above in the example 1 was 
performed. In addition, helium gas was used as temperature control gas which uses ethanol as a refrigerant supplied to the 
refrigerant passage 1 1 and 14, and is supplied towards the rear face of Wafer W. 

[003 1] The etching conditions of this example are an example. c-C four F8 Flow rate 30 SCCM Ar flow rate 100 SCCM CO 
flow rate 100 SCCM Pressure 10 Pa RF power density (RF power source 19) 0.8 W/cm2 (13.56 MHz) 
Internal-surface temperature of the plasma chamber 3 Coolant temperature in the 150 ** refrigerant passage 1 1 (periphery 
section) Coolant temperature in 0 ** refrigerant passage 14 (core) 5 ** helium supply pressure 1000 It was referred to as Pa. 
[0032] The relation between the stage temperature attained at this process and the skin temperature of Wafer W is shown in 
drawing 2 . Here, although adhesion of the deposit of a fluorocarbon system is prevented by heating the internal surface of the 
plasma chamber 3 at 150 degrees C, in order to prevent the temperature up of the periphery section of the wafer W by the 
radiant heat from this internal surface, this part is made low temperature by the low hot-cold intermediation which circulates 
through the inside of the refrigerant passage 1 1 compared with the core. The temperature up by the radiant heat from a wall 
surface was offset by this low-temperature cooling, and the skin temperature of Wafer W was equalized over the inside of a 
field. For this reason, the above-mentioned dry etching could be carried out with a very sufficient precision to homogeneity, 
and, as a result, was also able to stop the amount of over etching to the minimum. 

[0033] Example 3 this example explains the parallel plate mold RIE system which prepared two temperature control gas 
supply systems. However, about the plasma chamber 3 and its related member, since it is common, explanation is abbreviated 
to an example 1 , and it explains, referring to drawing 3 about a stage and a temperature control gas supply system, (a) 
Drawing is an outline sectional view of a stage and (b) drawing is the plan. 

[0034] This stage 21 has the refrigerant passage 23 of a single system in that interior so that it may correspond to 
low-temperature etching. This refrigerant passage 23 leads **** 22 from the chiller which is not illustrated, and is an arrow 
head Gl. Supply of a refrigerant is received in a direction, **** 24 is led, and it is an arrow head G2. These is collected in a 
direction. Moreover, the electrostatic chuck 30 is allotted to the wafer installation side of a stage 21, and it has become the 
design which raises the cooling effectiveness by the above-mentioned refrigerant by carrying out adhesion maintenance of the 
wafer W on this stage 21. 

[0035] Furthermore, it is made as [ fill / with the temperature control gas by which control pressure differs through two 
Jemperature^fr / the minute space between Wafer W and astage 21 (in drawing 3 Tit has exaggerated 

on account of explanation.) ]. namely, a group which carries out opening to the central field 3 1 although opening of many 
orifices 3 la and 32a is carried out to the wafer installation side of the electrostatic chuck 30 - a group which orifice 31a emits 
the temperature control gas supplied from arrow-head J through the temperature control gas supply line 25, and carries out 
opening to the periphery field 32 - orifice 32a is made as [ emit / the temperature control gas supplied from arrow-head H 
through the temperature control gas supply line 26 ]. The temperature control gas emitted from each orifices 3 la and 32a 
flows toward the direction of a periphery of Wafer W, as shown by the arrow head K. 

[0036] In addition, what is necessary is just to j)erfonr^^ supply of the direction of arrow-head H from 

one suitable place, in making the outside temperature control gas supply line 26 in a circle. Moreover, electrostatic chuck 30 
body is used, for example, porosity ceramics is constituted, and you may make it make temperature control gas emit from the 
pore instead of carrying out opening of many orifices. However, the device of not mixing mutually the gas which flows two 
temperature control gas supply systems is required by constituting the central field 3 1 and the periphery field 32 from an 
independent ceramics block respectively, and making a barrier suitable among both blocks intervene in this case. 
[0037] Here, the approach of making independent thoroughly passage reached [ from each source of temperature control gas 
supply ] to the temperature control gas supply lines 25 and 26 as an approach of making the control pressure of the 
temperature control gas supplied to the temperature control gas supply lines 25 and 26 differing mutually, or the approach of 
connecting to the temperature control gas supply lines 25 and 26 the passage suitably branched from the common source of 
temperature control gas supply, respectively can be considered. The temperature control gas supply systemshown in drawing 
3 is based on the latter approach. That is, after the temperature control gas supplied from the temperature control gas cylinder 
29 is controlled by t he pressure ^ages,,27 and 28 with which the set points connected to juxtaposition in the middle of passage 
differ % the predetermined pressure, respectively, it is introduced respectively fd the fern^ gas supply lines 25 

^and~26. The capacity mold manometer was used as the above-mentioned pressure gages 27 and 28. In this example, the 
co^itrol^s^ure m the outside temperature control gas supply line 26 was set up highly relatively. 
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[0038] In the parallel piate moid RIE system which allotted this stage 21, by making control pressure of the temperature 
control gas in the periphery field 32 into size, the rate of flow of the temperature control gas in this field increases, and heat 
exchange is promoted. Therefore, in the wafer W held on this stage 2 1 , the effect of the superfluous radiant heat done to the 
periphery section is offset by the low-temperature cooling effect by acceleration of heat exchange, and the skin temperature of 
this wafer W is equalized over the inside of a field as a result. 

[0039] In example 4 this example, dry etching for carrying out opening of the contact hole to a SiOx interlayer insulation film 
using c-C4 F8 / Ar/CO mixed gas within the parallel plate mold RIE system mentioned above in the example 3 was 
performed. In addition, helium gas was used as temperature control gas supplied to the temperature control gas supply lines 
25 and 26, and ethanol was used as a refrigerant supplied to the refrigerant passage 23. 

[0040] The etching conditions of this example are an example. c-C four F8 Flow rate 30 SCCM Ar flow rate 100 SCCM CO 
flow rate 100 SCCM Pressure 10 Pa RF power density (RF power source 19) 0.8 W/cm2 (13.56 MHz) 
Internal-surface temperature of the plasma chamber 3 helium supply pressure of the 150 ** core field 3 1 500 Pa helium 
supply pressure of the periphery field 32 1000 Pa Coolant temperature in the refrigerant passage 23 It considered as 0 ** 
[0041] Also in this example, stopping the amount of over etching to the minimum, it was very highly precise and dry etching 
which is excellent in repeatability was able to be performed. 

[0042] As mentioned above, although this invention was explained based on the example of four examples, this invention is 
not limited to these examples at all. For example, although the parallel plate mold RIE system was taken up as a format of a 
dry etching system in the above-mentioned example, this may be a magnetron RIE system, an owner magnetic field 
microwave plasma etching system, a helicon wave plasma etching system, or an inductively-coupled-plasma etching system. 
In addition, it can change suitably also about the details of the configuration of a dry etching system, dry etching conditions, 
the class of etched layer, the class of refrigerant, and the class of temperature control gas 
[0043] 

[Effect of the Invention] Even if it will be the case where low-temperature etching is performed, heating the internal surface of 
a plasma chamber in order to control adhesion of a deposit, for example if this invention is applied so that clearly also from 
the above explanation, it becomes possible to attain advanced homogeneity and repeatability. This means that the temperature 
gradient of a substrate and a plasma chamber internal surface can be greatly set up if it puts in another way, and it leads to 
expanding the degree of freedom and process margin of particle management. This invention contributes to detailed-izing of a 
semiconductor device, high integration, a raise in reliance, and the improvement in the manufacture yield greatly through 
high-degree-of-accuracy-izing of plasma treatment. 
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ABSTRACT: 

PURPOSE: To obtain a plasma treatment method in which a dry etching 
operation is performed to a wafer with excellent plane uniformity and with 
excellent reproducibility while the influence of radiant heat from a 
high-temperature wall at a plasma apparatus is prevented. 

CONSTITUTION: The temperature distribution of the surface of a stage 9 
which 

holds a wafer W isjrj^unequ al so as to be capable of offsetting the lack of 
uniformity of radiant heat. In order to achieve this, two systems of 
refrigerant flow passages 11,14 are formed in a concentric circle shape inside 
the stage 9, a refrigerant ata relatively Jow temperature is supplied to the 
refrigerant flowpassage i 1 outside so as to be circulated', and a refrigerant 



at a rjejatiyjjjyjhjg^^ to the refrigerant flow passage 14 

inside so as to be circulated. Since the peripheral edge part of the stage 9 
is cooled much more in this manner, the temperature rise at the peripheral edge 
part of the wafer W due to radiant heat from the inner wall surface of a plasma 
chamber 3 is offset. That is to say, the surface temperature distribution of 
the wafer W is made uniform, and a uniform dry etching operation is realized. 
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